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ABSTRACT.  
 
This work focuses on the development of a stand-alone gas nanosensor node, powered by 
solar energy to track concentration of polluted gases such as NO2, N2O, and NH3. Gas sensor 
networks have been widely developed over recent years, but the rise of nanotechnology is 
allowing the creation of a new range of gas sensors [1] with higher performance, smaller size 
and an inexpensive manufacturing process. This work has created a gas nanosensor node 
prototype to evaluate future field performance of this new generation of sensors. The sensor 
node has four main parts: (i) solar cells; (ii) control electronics; (iii) gas sensor and sensor 
board interface [2-4]; and (iv) data transmission. The station is remotely monitored through 
wired (ethernet cable) or wireless connection (radio transmitter) [5, 6] in order to evaluate, in 
real time, the performance of the solar cells and sensor node under different weather 
conditions. The energy source of the node is a module of polycrystalline silicon solar cells 
with 410cm
2
 of active surface. The prototype is equipped with a Resistance-To-Period circuit 
[2-4] to measure the wide range of resistances (KΩ to GΩ) from the sensor in a simple and 
accurate way. The system shows high performance on (i) managing the energy from the solar 
panel, (ii) powering the system load and (iii) recharging the battery. The results show that the 
prototype is suitable to work with any kind of resistive gas nanosensor and provide useful 
data for future nanosensor networks. 
 
Keywords: Gas sensors, remote monitoring, silicon solar cells, data transmission. 
 
1. INTRODUCTION  
 
Natural and anthropogenic emissions of pollutant gases are contaminating the atmosphere 
causing climate change and global warming. Therefore, identifying, quantifying and 
controlling pollutant sources are important tasks in fighting contamination and its side 
effects. The creation of sensor networks are important tools to (i) monitor large areas such as 
cities, roads, forests, etc.; (ii) to map gas plumes to allow calculation of the plume origin; and 
(iii) to ensure real time monitoring for fast response, for example to prevent bushfires. This 
technology is available but the cost is still high. As a result, this research has focussed on the 
development of inexpensive and high quality stand-alone gas sensor nodes powered 
exclusively by solar cells. Sensors developed at nanoscale are promising greater sensitivity, 
selectivity and stability as well as low power consumption.  In addition, they are proving to 
be inexpensive to manufacture. Due to constraints on electrical efficiency and cost of solar 
cells and standard gas sensors, nanosensors are the perfect candidates for the new generation 
of sensor nodes.   
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2. EXPERIMENTAL 
2.1 Gas Nanosensor Node General Diagram  
The gas nanosensor node has three main components: (i) a solar panel to provide the energy 
required for the system and a sun irradiance sensor (pyranometer); (ii) control electronics to 
power the system load (gas sensor, electronics and transmitter) and to charge the lithium 
battery; (iii) a data storage and transmission system to record relevant information from the 
sensor node to evaluate the performance of the prototype. The variation in resistance of the 
gas sensor is detected and stored by the sensor board interface and transmitted to the base 
computer by radio transmission or ethernet connection. A schematic diagram of the gas 
nanosensor node is depicted in Figure 1. 
 
 
Figure 1 Gas Nanosensor Node general diagram 
2.2 Solar Cell Panel 
A set of four standard polycrystalline silicon solar modules (each module with 9 series of 
1.1V/100 mA solar cells) were connected in parallel to form an array of 410 cm
2
 of total 
active surface. The array was tested under a high pressure sodium lamp (100mW/cm
2
, 400-
750 nm spectrum)
1
, that simulates 1 sun, 1.5 AM; the cells temperature was 30°C on the 
surface and the following values were recorded (Figure 2): 
 
 
Figure 2 Solar array IV curve under a high pressure sodium lamp (100mW/cm2, 400-750 nm spectrum) 
                                                          
1
 In our testing facility this intensity is only uniform up to 100cm
2
 area, 50cm away from the lamp. As the solar 
array has an area of 410cm
2 
the irradiation is uneven along the surface of the cells, so it is not possible to reach 
the maximum power point of the array. This is a systematic error which is estimated in 10% over the maximum 
solar cells output. 
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The solar panel was attached on a metallic frame and installed outdoor facing north tilted at 
Brisbane’s city latitude (27° 28', south) for optimal performance. The array output was 
connected to the control electronics (section 2.4) to power the sensor node. 
2.3 Gas Nanosensor and Sensor Board Interface 
Nanotechnology has had significant impacts on sensor technology [7]. It enables the 
development of small, inexpensive and highly efficient sensors with broad applications 
thanks to nanostructured materials with improved surface to volume ratio. Therefore, there is 
potential to detect a single molecule or atom resulting in enhancement in the device 
sensitivity in comparison with the conventional thin film technology [7]. In fact, most 
commercial solid state chemical sensors are based on appropriately structured and doped 
metal oxides (mainly SnO2 and ZnO) that have proved capable of detecting a variety of gases 
with high sensitivity, good stability and at low production cost [8]. The fundamental sensing 
mechanism for the resistive metal oxide based gas sensors relies on the change in their 
electrical conductivity due to charge transfer between surface complexes, such as O−, O2−, 
H+, and OH−, and interacting molecules [8]. Normally this process requires activation energy 
so that MOX sensors only operate at high temperatures, generally above 200 ˚C [1, 9, 10], 
thus a heating system is required. 
In the present phase, the nanosensor is replaced by a resistor which varies from 10
3
 to 10
9Ω 
to simulate the change in electrical conductivity of the sensor when it is exposed to different 
gas concentrations. Therefore, the Resistance-to-Time converter [2-4] circuit, is used to 
measure these wide range of resistance and to determine the parasitic capacitance at the same 
time in an accurate and simple way. The sensor is connected in series with a capacitor; thus, 
change in the sensor resistance is proportional to a capacitor’s charging time. Finally, a 
microprocessor reads the charging time of the capacitor and correlates it with the gas 
concentration of the targeted gas. 
2.4 Control Electronics, Battery Charging and System Load  
The control electronics was designed to manage the energy provided by the solar cells during 
sunlight hours in order to (i) supply regulated power (3.5V-6Vmax, 500mA max) to the 
system load and to (ii) recharge a standard lithium battery (3.7V, 1200 mAh) [11]. In the first 
instance, the control electronics works as a DC/DC regulator since the power from the solar 
cells is variable (0-9V, 0-336mA) due to weather conditions. The battery is charged with a 
constant current until its voltage rises to the pre-set voltage (i.e., 4.2V). Afterwards, a 
constant voltage is held until the charging current tapers down to zero, meaning that the 
battery is 100% fully charged [12]. 
2.5 Data Storage and Transmission 
A datalogger (DT85 Datataker) was installed to record voltage, current, temperature, and 
solar irradiance continuously (basic accuracy=0.1%), and to calculate in real time important 
parameters like the solar module efficiency and output power. This instrument was connected 
to the local area network (LAN) for online monitoring. In order to save energy the sensor 
system was activated only for 12 minutes at set time intervals. During the time span of the 
experiment the average energy required by the system load per cycle was recorded and 
averaged: the sensor board interface required 37mWh while heating the sensor at 250˚C 
required 174mWh. The transmission tests [5, 6, 13] were carried out by connecting one 
transmitter to the sensor node and the other one to the base computer, 300m away. The first 
step was to establish a connection between the two devices.  Soon after, the transmission of 
basic information from the sensor node required almost 4 minutes to transfer 15Kb of data 
spending an average power of 17mWh. The total energy required per cycle is then 228mWh. 
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3. RESULTS AND DISCUSSION  
3.1 Battery Charge and Discharge Time, Energy and Efficiency 
The first experiment carried out involved charging and discharging a standard lithium battery 
(3.7V, 1200mAh) using the energy from the solar panel. The time span for this experiment 
was one month during winter and it ran under different weather conditions. The battery took 
between 6-7h to achieve full charge requiring 4.8 Wh average. Then, it was discharged at 0.2 
rate (240 mA @3.7V) producing an output energy of 4.2Wh average. These values provided 
an efficiency figure for the charge-discharge process of 87.5%. This revealed the  high 
performance of the system in comparison to standard systems in the market [12] with 
efficiencies of about 70%. 
 
A second experiment to quantify the maximum power output produced by the solar panel, a 
suitable resistor and the battery were activated every day, all day at suitable intervals of time 
for three months in order to match the internal resistance of the panel. Recorded results show 
that the solar panel produced 17 Wh average on clear days
2
 and 4.83 Wh on cloudy days
3
, the 
mean daily sunlight-hours during the experiment was 11. 
3.2 Control Electronics and System Load 
The control electronic works as follows: When the system load
4
 (SL) is activated in the 
morning or in the afternoon, most of the power comes from the battery and part from the 
solar panel. Conversely, when the SL is activated near or during noon time, the solar panel is 
powering totally the SL and charging the battery simultaneously with the energy surplus 
(Figure 3 left). 
 
Figure 3 Left: Solar cells array, control electronics and lithium battery: V, I, and power vs time in a sunny day. 
Right: Silicon solar cells power and efficiency vs time. 
The solar panel produced almost 3W at the maximum sun irradiance with an overall 
efficiency of 7.12% (Figure 3 right). These results are very important because they prove that 
(i) the control electronic is ensuring power to the SL when it is required during the day; (ii) it 
keeps the solar panel working on the maximum power point (MPP) since the average 
efficiency was 7.12%. It is important to clarify that the same array registered a little less 
energy efficiency under laboratory condition (section 2.2) due to limitations in our test 
facilities1. 
3.3 Throughput 
The maximum throughput of the gas nanosensor node depends on weather conditions and 
system load requirements. For practical reasons we used two possible weather states, (i) clear 
                                                          
2
 Days when more than 70% the time the cells were free from cloud, fog or dust haze during the experiment. 
3
 Days when more than 70% of the time the sun was obscured by clouds during the experiment. 
4
 Electronics, gas sensor, heater and radio transmitter. 
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day2 and (ii) cloudy day3. According to section 3.1 the solar module produced an average 
energy of 17 Wh on clear days and 4.83 Wh on cloudy days, while the total energy consumed 
by the system to run one measurement cycle was 0.228 Wh (section 2.5). Consequently, the 
maximum cycle rate energy available/ load activity was 73 on a clear day, and 20 on a 
cloudy day (Table 1), ending up the day with a totally exhausted battery. If night activity is 
required, these numbers are reduced by almost 3% due to battery charge/discharge losses 
(section 3.1). 
Table 1 Gas nanosensor node maximum throughput vs weather conditions 
 Clear day Cloudy day 
Max system load activity per day 73 20 
Average energy produced 17 Wh 4.83 Wh 
Battery charge time (if required) 6 h 7 h 
System load power required 0.228 Wh 0.228 Wh 
4. Conclusion 
This work reports on the field performance of the gas nanosensor node prototype. The results 
prove the feasibility of build sensor nodes by using resistive gas nanosensors powered by a 
small panel of silicon solar cells. In addition, the results give support and direction for future 
development of sensor networks and field gas testing. 
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